A large number of genes has been identified previously between the class I and class II gene families within the class m region of the human major histocompatibility complex. The complete sequences of two of these genes, BAT2 and BAT3 (where BAT is HLA-B-associated transcript), which are closely linked, were determined from cDNA clones. The putative BAT2 and BAT3 proteins are 228 and 110 kDa, respectively, and do not appear to be members of any known family ofproteins. However, BAT3 contains an amino-terminal ubiquitin-like domain. Both BAT2 and BAT3 are very rich in proline and include short tracts of polyproline, polyglycine, and charged amino acids. In addition, these proteins contain several unrelated families of similar repeated segments. BAT2 and BAT3 are similar to other proteins with large proline-rich domains, such as some nuclear proteins, collagens, elastin, and synapsin. BAT2 also contains four Arg-Gly-Asp (RGD) motifs typical of the integrin receptor family.
The human major histocompatibility complex (MHC) occupies 1% ofchromosome 6 and encodes a number ofgenes that are essential for immune function. The ability to distinguish self from nonself is mediated by the polymorphic MHC class I and class II molecules that are encoded at either end of the MHC. The class I genes are telomeric to, and the class II genes are centromeric to, a central interval of 1000 kilobases (kb) called the MHC class III region. It includes a diverse set of genes encoding members of the complement cascade, the cytokines tumor necrosis factors a and 3, and the heat shock protein HSP70 (1) (2) (3) (4) (5) .
Population studies suggest that susceptibility to a number of autoimmune diseases is associated with certain MHC haplotypes (6) . Although many of these genetic associations may ultimately be related to polymorphisms in MHC class I or class II molecules (7) , in some cases the increased susceptibility may be due to the combinatorial effect of several gene products, some of which may yet be unidentified. Since MHC haplotypes specify allelic combinations of a number of genes linked within the MHC, it is possible that genes lying between the class I and class II gene families could contribute to disease pathophysiology.
To identify other genes within the MHC, a series of overlapping cosmids spanning 600 kb of DNA from the MHC class III region between the class I gene HLA-B and the complement gene C2 has been isolated (8) (9) (10) . These cosmids have been used to identify a large number of transcription units. The high density of these transcription units correlates with the frequent occurrence of unmethylated CpG dinucleotides within this region of the genome (9) . Corresponding cDNA clones for most of these "HLA-B-associated transcripts" (BATs) have been isolated. Two of these genes, BAT2 and BAT3, are located 45 kb from the closely linked genes TNFA and TNFB and 260 kb from HLA-B (8) . BAT2 and BAT3 genes are encoded on opposite strands of DNA and terminate within a few kilobases of each other. Their mRNAs are 6.7 and 3.5 kb long, respectively, and have been found in a limited panel of cell lines examined, including HeLa, Raji (B cell), HPB-ALL (T cell), U937 (monocyte), and HepG2 (hepatoma) (8, 9) .
This report presents the complete sequence of BAT2 and BAT3 derived from overlapping cDNA clones. In addition, promoter and partial intron sequences for the BAT2 and BAT3 genes have been obtained from genomic clones.t The BAT2 and BAT3 cDNA sequences encode large proline-rich proteins of approximately 228 and 120 kDa, respectively. Both are characterized by the repeated occurrences of several different sets of related sequence motifs. BAT2 and BAT3 do not appear to be members of any known family of proteins. However, BAT3 contains an amino-terminal domain homologous to ubiquitin, a property shared with a small group of other proteins.
MATERIALS AND METHODS DNA Sequence Analysis. DNA sequences were obtained by the dideoxynucleotide chain-termination procedure from both strands of restriction fragments subcloned into M13 using "S-labeled dATP and T7 polymerase (Sequenase; United States Biochemical) (11) . Both dGTP/ddGTP and dITP/ddITP (where dd is dideoxy) reactions were carried out. The BAT2 and BAT3 cDNA clones have been isolated from a T-cell HPB-ALL library (8, 12) . Additional BAT2 cDNAs were obtained from the same library as described (8 (13) .
-RNase Mapping. RNA samples were prepared by the guanidinium thiocyanate method from control HeLa cells and cells heat shocked for 10 min at 450C and then incubated for 4 hr at 370C (14, 15) . SP6 RNA polymerase was used in vitro to synthesize [32P]UTP-labeled probes from restriction fragments of BAT2 and BAT3 cDNAs subcloned into pSP72. RNase protection of probes hybridized to total HeLa cell RNA was carried out essentially as described (16) . The human HSP70 probe was a gift of R. Morimoto (Northwestern University, Evanston, IL) (17).
Proc. NatL. Acad. Sci. USA 87 (1990) 2375 RESULTS Sequence of BAT3 cDNA. A series of overlapping restriction fragments from the 3.5-kb insert of the cDNA clone BAT3-15 (8) was subcloned into M13 and both strands were sequenced. The sequence is shown in Fig. 1 along with the predicted coding region ofthe major long open reading frame. Both the 5' and 3' untranslated regions of the BAT3 cDNA include stop codons in all reading frames. A canonical AATAAA motif is 25 base pairs (bp) from the poly(A) tail. The putative BAT3 protein contains 1132 amino acid (aa) residues. Starting 17 residues from the amino terminus of BAT3, a stretch of 75 aa is 35% homologous to the 76 aa of ubiquitin ( Fig. 2A) (18) . The remainder of BAT3 lacks significant homology to any protein in the National Biomedical Research Foundation data bank and is unusually rich in proline. It contains a segment of 12 sequential proline residues as well as nine proline triplets. The 607-aa region after the ubiquitin-like domain contains 18% proline and includes four dispersed repeated motifs of 29 aa (Fig. 2E) . The carboxyl-terminal 202 aa contain 15% proline. These two regions flank a 231-aa central interval containing only 3% proline. Within this segment is a cysteine/histidine-rich region (between residues 851 and 884), which is an imperfect copy of the canonical zinc finger motif encoded in many genes for nucleic acid-binding proteins. These regions are thought to serve as metal coordination centers and are also found in other ubiquitin fusion genes ( Fig. 1) (18, 21, 22) .
The total length of the BAT3-15 cDNA sequence is in good agreement with the length of the BAT3 mRNA as estimated by RNA blot hybridization (8) . The proposed initiator methionine at nucleotide position 251 complies well with consensus sequences for vertebrate translation initiation sites ( Fig. 1) 20 6 M TCCACC TCC TGCTCC TGAGGGGGGC TCCCGGGATGAACAGGATGGAGC TTCAGC TGAGACAGAACCTTGGGCAGCTGCAGTCCCCCCAGAATGGG TCCCTATTATCCAGCAGGACATTCAGAGCCAGCGGAAGG TGAAACCGCAGCC 3 35S6 1037 TCTGAG TGATGCC TACCT CAG TGG TATGCC TGCCAAGAGACGCAAGACGATGCAGGGTGAGGGCCCCCAGt TGC TTCTCTCAGAGGCTGTGAGCCGGGCAGCTAAGGCAGCCGGAGCTCGGCCCC TGACGAGCCCCGAGAGCC TGAG 3 50 6 1087
CwGGGACCTGGAGGCACCAGAGG TTCAGGAGAGC TACAGGCAGCAGCTCCGGTC .GATATACAAAAACGACTGCAGGAAGACCCCAAC TACAGTCCCCAGCGCTTCCCCAATGCCCAGCGGGCC TTTGCTGATGATCCTTAGCTCT TTGC 3656 . ubiquitin or HSP70 (15, 17, 18) , the latter encoded 150 kb from the BAT3 gene (5). However, in an RNase protection experiment, BAT3 mRNA levels were not higher in heatshocked HeLa cells than in untreated controls, although the level of HSP70 mRNA was increased by several orders of magnitude (data not shown).
Sequence of BAT2. The initial set of BAT2 cDNA clones formed two groups. A set of eight cDNAs of 4.6-5.0 kb corresponded to, and was coterminal with, the 3' end of the BAT2 gene. Two additional cDNAs of 1 kb were further upstream. From these two groups, cDNAs BAT2-5 and BAT2-12, respectively, were sequenced. These two cDNAs shared a 324-bp overlap and together coded for a 6-kb open reading frame extending from the very 5' end of the BAT2-12 cDNA. The 179-bp 3' untranslated region included an AATAAA polyadenylylation signal and stop codons in all reading frames (Fig. 3) .
To obtain the complete coding sequence ofthe BAT2 gene, the HPB-ALL cDNA library was screened with a probe from the 5' end of the BAT2-12 cDNA. Thus, cDNA BAT2-17 was isolated and yielded 304 bp of additional upstream sequence. About 4 kb of genomic DNA containing this region were subcloned from the cosmid K19A (8) and sequenced. The comparison of genomic and cDNA sequences showed that the 5' terminal 13 bp of cDNA BAT2-17 were within a separate exon. This exon was shown to include a total of 177 nucleotides by protection from RNase digestion of an appropriate genomic probe after its hybridization with total HeLa cell RNA (data not shown). Two additional cDNA clones were isolated by rescreening the library with a genomic probe containing the 177-bp exon. The sequence of the clone BAT2-18 included all these 177 bp and two additional upstream exons of 179 and 35 bp. This extended the open reading frame to a methionine that was 60 bp from the 5' end of the cDNA. This 60-bp untranslated region contained several stop codons in the same translational frame as the initiator methionine, which lies in a sequence context consistent with the established consensus (23) . Thus, the 5' end of the BAT2 gene was defined (Fig. 3) .
The putative BAT2 protein consists of 2142 aa residues, of which 409 (19.6%) are proline. This is a higher total proline content than in any protein in the National Biomedical Research Foundation data bank. In contrast to BAT3, in BAT2 the proline residues are distributed throughout the sequence (Fig. 3) . In 17 instances, 3 (Fig. 2C ). These two type B repeats immediately follow the four amino-terminal type A repeats and are separated from each other by 56 aa residues that include the cysteine-bound charged domain described above. After the two carboxylterminal type A repeats are three type C 50-aa repeats (Fig.   2D) (Fig. 2 C-E (1990) bank that contain the motif RGDK, 11 are collagens. Thus, the occurrence in BAT2 of four RGD motifs including three RGDK sequences, although of uncertain significance, shows certain parallels with collagen. DISCUSSION The BAT2 and BAT3 genes encode large proline-rich proteins with repeated domain structure. Although they do not appear to be members of any known gene family, the products ofthese closely linked genes may be functionally related. BAT2 and BAT3 share similarities with some transcriptional regulatory proteins containing zinc finger motifs and prolineor glutamine-rich regions (19, 26, 27) . Similarities were also observed between BAT2 and BAT3 and a number of other proteins including the oncogene homolog elk (28), collagens, elastin, and synapsin (29) (30) (31) . However, these similarities are of low statistical significance and merely reflect the common occurrence of large proline-rich domains in these structurally and functionally unrelated proteins. Polyproline, polyglycine, and individual collagen chains are, however, able to adopt a common helical structure (32) , so it is possible that a similar conformation might be assumed by some of the proline-and/or glycine-rich regions in BAT2 and BAT3.
BAT3 contains an amino-terminal ubiquitin-like domain. This feature is also found in a number of other proteins. Ubiquitin itself is synthesized as a polyprotein, which is cleaved subsequently to yield ubiquitin monomers (18) . Moreover, four ribosomal proteins are each synthesized with a perfect amino-terminal copy of ubiquitin, which is deleted in the mature proteins (18) . The gene An], whose mRNA is sequestered at the animal pole of unfertilized Xenopus eggs and zygotes, encodes an amino-terminal domain showing 48% homology to ubiquitin (D. Weeks and D. Melton, personal communication). The proteins encoded by the ribosomal subunit genes, Anl, and to a lesser extent BAT3, contain a cysteine/histidine-rich region in their carboxyl-terminal portions. Other examples of ubiquitin fusion genes include the human genes GdX (22) and UCRP (33) , of which the latter is highly inducible by y-interferon. Moreover, in certain strains of bovine viral diarrhea virus, the presence of a ubiquitin fusion gene correlates with a cytopathic phenotype (34) .
Ubiquitin, as well as other heat shock proteins are highly conserved stress-response molecules. An ability shared by these proteins is to serve as molecular chaperones (35) (36) (37) , although ubiquitin is best known for its role in protein degradation. It has been proposed that the ubiquitin domain in the preprocessed ribosomal proteins serves to stabilize these proteins prior to their incorporation into multimeric complexes (38) . Therefore, it is possible that the current role of the ubiquitin-like domain in BAT3 has diverged from an original chaperoning function.
A large number of genes has been mapped in the vicinity of BAT2 and BAT3 within the class III region ofthe MHC (8) (9) (10) . In addition to the well-known genes for several complement components and TNFA and TNFB, this region may encode other, presently uncharacterized, genes involved in immune function or in MHC-associated disease susceptibility. The available data suggest that the organization ofgenes within this region of the MHC is highly conserved between human and mouse (8) . In the mouse, a locus within this region governs the appearance of steroid-induced cleft palate (39) . In addition, the hemopoietic histocompatibility I locus has been mapped to this region. This locus controls the natural killer cell-mediated rejection of bone marrow grafts (40) . The possible relation of BAT2, BAT3, or both to these phenomena as well as any potential immunological relevance of these genes remain to be investigated.
